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SUMMARY

Thrust-stend tests were conducted at high thrust outputs to
determine the operating life of a 22-inch-ddameter pulse-~jet englne
equipped with a neoprene-coated valve grid. The results of the
endurance tests show that through the use of the neoprene-~coated
grid the operating 1ife of the pulse-Jet englne, as limlted Dy
valve deterloration, was extended to more than 164 minutes, as
compared with 30 minutes for the standard uncoated grid. The
average Jet thrust (not deducting the momentum drag of the entering
ailr) developed by the engine was 855 pounds at a simulated ram
pressure of 58 inches of water and a fuel flow of 2800 pounds
per hour; no decrease in thrust was obtained during the entire
164 minutes of operation. This Jet-thrust value represents a slight
reduction in performance from the average 890 pounds of thrust
obtained with the standard valve grid under similar operation condi-
tions.

INTRODUCTION

At the request of the Alr Technical Service Command, Army Air
Forces, and of the Bureau of Aeronautics, Navy Department, an inves-
tigation 1s being conducted at the NACA Cleveland laboratory to
improve the performence and extend the operating life of the pulse-
Jet engine. As a part of this investigation, thrust-stand tests
were conducted to determine the sea-level performance of a
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22-inch-diameter pulse-jet engine at simulated rem pressures of 0, 18,
40, and 58 inches of water over the entire fuel-flow operating ranse of
the Jet engine (reference 1).

The results of reference 1 and of tests conducted at Wright
Fleld (reference 2) indicate that the operating life of the pulse-Jet
ehglne, as limited by valve deterioration caused by the repeated impact
forces imposed on the valves in closing during operation, is approximately
Sgtzinutes, uTter which a rapid reduction in ergine-thrust output is
obtained. .

Attempts to increase valve life through change of valve material
and thickness have been unsuccessful, orai reports from Wright Field,
obtalned svbsaquent to the tests reported serein indicate, however,
that the time of satisfactory operation cen be increased to about
1 hour by careful selevctlon, honirg, and. finishing of the valves.

The method of reducing valve deterloration investigatod in the
rresent tests conaists in diminlsklng the velve sbock forces by
cushloning the valves turough vse of an cawrgy-absorbent meterial on
the valve swats. The @utilirc grid p...ace of a production flapper-
valve assembly was coated with a Lnin layer of neoprene by means of
a process developed by the B. F. Goourich Company of Akron, Ohio.
Phrust-stand endurance tests of this modifled valve assembly installed
in a pulse-jet engine was conducted at high thrust outputs during
July 1945 and the results are presented herein.

APPARATUS AND METHODS

The 22-inch-diameter (maximum) pulse-jet engine used in the tests
18 described in references 1 and 2. The principal dimensions of the
engine sholl and the positions of the valve-grid assembly and the venburil
are shown in figure 1. The thrust test stand and the method of simu-
lating rem pressure and other installation and instrumentatlon details
are essentially the same as those described in reference 1. In order to
obtain a better indication of the valve-grid cperating temperatures, the
thermocouples previously ingtalled on the upstream face of the grid
(see reference 1) were transferred to the downstream face. The process
used by the B. ¥. Goodrich Company to neoprene-coat the valve grid is
outlined as follows:

(a) The grid sections are degreased, painted with a primer,
brushed with neoprene cement, dipped in a coagulant and then in
nooprens latex, washed with water, and drained with the tralling
edge up.
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channels is probably to improve mixing between the cambustion alr and
the fusl. A spurk plug installed on the combustion-chamber shell in
- the- position Iindicated in figurc.l .is .used for starting the engine.

Figures 2 and 3 are photographs of the downstream and upstream
faces of the flapper-valve grid assembly and show the nine centrifugal -
spray fuel-injection nozzles, the three compressed-dir Jets, the fuel-
distribution manifold, and the compressed-air lines. The compressed-
alr Jots, which are incorporuted for static starting, were not used
in the tosts.

Rosonant operation of the vngine 1s as followe: The flapper
valves opcn und admit air intc the combustion chamber., The fuel opray
mixes with the incoming air and forms a cambustiblo mixture, which is
ignitod by the residual oxhaust gares of the previous explosion. The
prossurc rise rceulting from the explcsive combustion causes the
fluppor valves to snap shub agnirst the @id and the burned products
of combustio:r. avo dischargeodl rearwardly throwgh the isil plre, this
providing u thrust impulse on the engine in o forward diroction. The
outwerd rust of guscs from vhe tall pipo roducos tho pross e within
thu combustion chimator, whichk cuuses tho flapper valves to ruvopon and
udinit a now charge ¢f ulr, Tho cycle then soponto 1tnolf at a fro-
quency govormid by the rosonant fruguuncy of the cngino tubo.

Thrust stand <nd thrust-muasuaring system. -~ Fizuro 4 is n ache-
watic diagram of LR woust Sokup ea0wing the mounbting fromo, the thrust
pl tbeform und thrues -merauring linkrngu, and tho gonurel ducting aystom
for supplying cambustion uir to thy onginu., The shrouvds and lucting
of tho ccoling-air cystom and othor dobails of thu tost ingtallabion
my bu go-n in tho photograph ol figaro H. Thu fronb (upstroam)
support for tho vn;ino consistu ¢f an wdjustable yoken.having floxible
Irubbor-mountud buarings at tho two support polnts Lor cusiaioning the
viclontly fluctunting thiuet forcec obtainod duvring oporation. The
rowxr (dovmotroam) support is fixed to tho frame with a simplo sliding
bolt 4nd slot arrungument to provido for the expanoion of thoe sholl
whon heatod during normal oporation. After inmatiad tosts, tho
uxtreme und of tho tail plpo was clampod to tho frumo by mownn of
motal strups to provent 't frem whipping and ongging during opuration.
Thoe thiuot platform, upon which the mounting framo 1o beltod, 1o
pupportod by ball and roll.r bucring linkagos sbovo & bedplate
gocurvly anchored to an Joolntod coneroto block mut in the ground.

The thrust platform, the support linkages, and the bedplate form
the sides of a pin-Jointed parallslogrem. The rear support linkages
and a thrust arm are keyed to u common shaft to form a bell-ocrank
arrengement with a 10:1 leverage ratio. The forces on the englne
are transmitted from the thrust platform, through the boll crank, to
the piston of a hydraullc piston-cylinder assembly. Korosene 1is
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F predioted sea-level flight thrust, pounds

V free-stream.flight veloolty oorresponﬂing to the. slmilated ram
pressure at which Fj 1is obtained, feet per second

RESULTS AND DISGUSSION

A summary of the data obtalned during the flrst 43.6 mlnutes of
testing at varlable operating conditions is presented in tabdle I. A
similar summary of the data subsequently obtalned at constant oper-
ating copditions (simulated ram pressure, 58 in. water; fuel flow,
2800 1b/hr) is presented in table II. The run numbers listed in the
tables Indicate periods of contlnuous operetion of the engins. Values
of both the jJet thrust Fj (see equetion (1)) and the corresponding
predicted sea-level flight thrust F (see equation (2)) are included
in the tables.

The Jot thrust and the combustion-alr welght flow for the con-
stant operating conditions (data from table II) are plotted agalnst
total operating time In flgures 2 and 3, respectively. Imnspection
of these filgures indlcates that the engine apperetnly operates between
a low-power and a high-power level at irregular intervals; during
the tests thls change in power level was accompenled by a very
notlceable change in noise intensity and in the amplitude of the
{nduced vibrationa. The explanation for the sporadlc variation in
power level is not known. The average Jot thrust obtalned during
the constant operating condition (fig. 2) is 855 pounds and the
average combustion-alr flow (fig. 3) is 10.75 pounds per second.
During the tests of reference 1 a standard uncoated valve-grid
aspembly operating at tho same ram pressure and fuel-flow condltlons
developed an average Jet thrust of approximately 890 poumds at a
combustion-alr flow rate of 11 pounds per second. This result would
indicate a slightly adverse effect of the neopreme-coated valve-grid
assembly on the psrformance of the pulse-j}ot englne, which is
attributed to the reduction in free-flow area of the grid caused
by the neoprene coating.

The jet thrust and the combustlion-alr welght flow show no tend-
ency to drop &135.2 and 3) even after 163.6 minutes of operation,
indicating that the valve deterioration at this point 1s of lnsuf-
ficient magnitude to affect performance. The condltion of the
flapper-valve grid assembly efter a total operating time of
51.6 minutes and 163.6 minutes is shown 1n flgures 4 and 5, respec-
tively. After 51.6 minutes of operation no deterioration of the
valves wes viasible except for slight discolorations; which apparently
were not harmful. After 163.6 minutes of operation, ome valve was
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completely broken off near the rivet holes, evidently due to fatigue
" in flexure, and- three other valves vwere beginning to split and fray
near the tralling edges. Although the valve assembly could possibly
have been oporated for addltlonal time without sppreciable loss in
performance, 163.6 minutes 1s taken as a conservative estimate of
the life of the neoprene-~coated flapper-valve grid assembly for the
operating condition at high thrust output. This value of valve life
represents an appreclable increase ovar the 30-minute 1life of a
standard wnit. Observations of the temperature of the downstream
face (flame side) of the valve grid during the last part of the
tests indicated a maximm grid temperature of 280° F, which 1s well
below the 320° F gafe 1limlt specified for the neoprene coating.

Inspectlion of the grid at intervals during the course of the
tests rovealed a slightiy adheslve or tacky condition of the rubber
coating, whlch caused the valves to stick to the grid. Although
thls condition apnarently did not affect the performance of the
enging, 1t rnilght vosslibly have an adverse offect on statlic starting
of the engine. Representatives of the B, F. Goodrich Company
attributc the taczy condltlon to the presonce of excess quantitiles
of the coagulant used in the coating process and not to the char-
acteristics of the neoprcne 1tself, which tends to haorden with oro-
longued exposure to heat. They belleve that careful washing of the
coatlng prior to the drylnz und curing phases of the process will
give the deslired results.

SUMMARY OF RESULTS

The results of thrust-stand tests at high thrust outputs of a
22-Inch-dlameter pulse-jet engline equipped wilth a neoprene-coated
valve-grld Indicate that:

1. The operating life of the pulse-Jet engine, as limited by
valve deterloration, was lonmger than 164 minutes as compared with
30 minutes for the standard valve assembly.

2, The average Jet thrust developed by the englne was 855 pounds
at simulated ram pressurc of 58 inches of water and fuel flow of
2800 pounds per hour and did not depreclate during the 164 minutes
of operation. This value of thrust represents a 4-percent reduction
in performance from the average 890 pounds of thrust obtalned with
the standard valve grid under similax operating coudatlous..

Aircraft Engline Research Iaboratory,
National Advisory Committee for Aeronautiocs,
Cleveland, Ohlio, October 3, 1945.
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TABLE I - SUMNARY OF TEST DATA AT VARIABLE OPERATING TEST CONDITIONS

‘Run [Total oper-|simulated| ruel flow|Fue1- - Combustion- {Combustion-| Jet thrust|Predicted
ating time |ram pres-| (1b/hr) |nozzle air weight |air temper- (1b) sea-level
of flapper |sure pressure flow ature flight
valve at (in. (1b/sq (1b/hr) (°F) tarust
end of ruan |water) in. gage) (1b)

(linf
! 58.6 3400 58 39,960 80 842 668
58.7 3200 63 40,320 77 883 707
59.0 2800 41 37,800 78 866 700
3.t 58,6 2400 31 36, 360 79 805 646
2 59. 1 3400 59 39,600 128 753 5879
68.5 3200 53 38,880 128 858 688
55.5 2800 . 40 37,440 131 788 627
6.0 59.3 2400 32 36, 000 133 692 633
3 38.4 3000 37 36, 640 139 728 602
36,4 2800 33 32,400 137 699 588
39.9 2400 24 30,960 138 599 488
9.0 40.8 2200 20 30, 240 137 651 440
4 37.6 3000 46 3€, 360 88 768 631
38.0 2800 40 35, 280 86 731 607
40.0 2400 30 32,040 87 699 583
12.0 40.2 2200 25 31,320 86 652 538
[ 68.8 3400 58 40, 320 86 867 691
13.6 68.9 2800 51 37,800 86 847 682
6 38.8 3000 |~ ==w-- - 33,840 136 709 589
37.8 2800 40 35, 280 135 738 614
37.8 2400 31 31,320 136 660 540
1€. 4 40. 1 2200 27 30, 960 136 639 528
7 17.3 19,1 2400 ——————n 30,960 135 531 454
8 67.4 3200 ———— - 39,800 85 794 623
19.9 67.6 2800 [===——-- 37,800 84 843 679
9 69.0 2400 31 3€,000 85 743 585
68.0 3200 51 38, 160 130 774 608
69. | 2800 40 39, 960 132 800 624
22.4 68.7 2400 31 35,640 133 745 589
10 38.7 2800 37 33,480 134 725 606
38.8 2400 30 34,920 134 66| 837
26.0 38.9 2200 26 30, 960 135 640 530
il 37.€ 2800 39 36, 280 94 761 638
36.7 2400 30 32,040 93 723 612
37.6 40.3 2200 25 31,320 93 646 532
12 16.8 2400 25 28,080 79 844 681
20.4 2000 21 26, 640 79 668 490
30. 1 20.5 1600 ———-——— 24, 120 79 363 301
13 18.7 2400 26 28,080 126 686 513
9.3 2000 21 27, 360 128 509 440
32.7 19.8 1600 ———————— 24,120 128 429 368
14 38.5 3000 43 33,480 134 703 584
38.7 2800 39 34, 200 135 737 616
36.4 37.6 2400 31 31,680 136 . 696 685
is 37.6 3000 42 356, 640 91 793 649
37. 1 2800 40 34.920 89 764 642
38.2 37.4 2400 31 32,040 89 702 590
16 67,9 3200 B0 39,960 86 781 €08
67.3 2800 41 37, 440 84 821 659
40.9 60.3 2400 - —————- 36.000 83 749 589
17 58.4 3200 50 38,520 136 768 610
57.4 2800 41 37,800 136 784 620
43,6 60.3 2400 31 35,640 137 694 536

COMMITTEE FOR AERONAUTICS

NAT IONAL ADViSORY
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TABLE IT - SUMMARY OF TEST DATA AT CONSTANT
OPERATING TEST CONDITIONS
[Nominal simulated ram pressure, 58 in. water; fuel flow,

2800 1b/hr; fuel-nozzle pressure, 41 1b/sq in. gage;
combustion-air temperature, 94° F

Run |Total oper-|Simulated|Combustion- |Jet Predicted
ating time jram pres-|alr weight |[thrust|sea-level
of flapper |sure flow (1b) |flight
valve at (in. (1b/hr) thrust
end of run water) (1b)

(min)

18 46,8 58.4 36,720 766 605

19 49.9 59.2 36,720 766 605

20 51.6 59.0 36,360 702 540

21 58.0 39,960 876 702

56.8 37,800 814 651

59.1 57.3 37,440 838 676
22 60.0 38,520 867 696
57.9 38,520 851 683

57.5 38,160 868 703

57.8 38,160 837 672

58.6 38,160 863 696

57.6 39,600 812 640

57.8 39,600 794 621

58.5 37,080 860 698

57.2 37,800 879 716

57.8 38,160 897 732

57.2 37,440 868 706

56.9 37,800 853 690

58.1 37,440 820 657

74.1 58.0 38,520 838 671
23 57.0 37,440 843 682
57.6 37,800 853 689

57.2 38,520 875 708

57.7 39,600 867 696

58.3 38,160 894 728

57.9 39,600 944 772

87.0 58.5 37,800 873 708

National Advisory Committee
for Aeronautics
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TABLE II - SUMMARY OF TEST DATA AT CONSTANT

OPERATING TEST CONDITIONS - Continued

.

Run|Total oper~ {Simulated {Combustion-|Jet Predicted
ating time |ram pres-jair weight |thrust{sea-level
of flapper [sure flow (1b) |flight

| valve at (in. (1bv/hr) thrust

end of run water) (1b)
(min)

24 58.2 39,960 841 667

58.1 37,800 872 707

58.4 © 37,800 857 692

57.4 39,240 910 740

58.4 37,440 82¢C 657

57.2 37,800 861 698

57.3 37,800 840 577

55.3 37,800 907 746

58.0 37,440 845 682

58.0 38,520 843 675

112.1 56.8 37,440 865 704

25 58.0 39,600 839 667

59.2 39,960 851 675

60.1 39,960 859 882

57.1 39,960 914 741

59.0 39,960 925 750

57.3 39,960 788 615

57.0 38,880 861 6393

56.3 38,880 788 622

57.6 39,960 872 698

57.7 38,880 890 721

57.0 38,520 890 723

59.0 37,800 862 696

58.0 39,600 897 725

58.0 37,440 839 676

58.0 39,240 886 716

58.0 39,960 865 591

58.0 37,800 860 696

l42.1 59.0 39,600 900 727

[ Natlional Advisory Committee
for Aeronautics
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FPigure 2.- Variation of measured Jet thrust with flapper-valve operating time. Average simulated
ram pressure, 58 inches of water; fuel flow, 2800 pounds per hour.
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Figure 3,~ Varlation of combustion-alr welght flow with flapper-valve operating time, Average éimnlated
ram pressure, 58 inches of water; fuel flow, 2800 pounds per hour. :



Figure 4. — Neoprene-coated flapper-vaive grid assembly after 51.6 minutes (after
run 20) operating time.

NACA
C. 10962
6.28.45

“ON ¥A VOVN

¢ofa3



L

?igure 5. --ﬁeoprene-coated flapper-valive
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